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Abstract
Hydrogen peroxide removal activities in normal and acatalasemic mouse hemolysates were examined to determine the
optimal temperature of catalase. From thermal stability of the removal activities in hemolysates, the removal activities were
divided into two activities. The removal activity deactivated at lower temperature was catalase, and the 50% inactivation
was observed after 10 min incubation at 47.2"0.58C for normal hemolysates and 34.0"0.88C for acatalasemic ones. The
removal activity deactivated at a higher temperature remained after the addition of sodium azide, and the 50% inactivation
was observed at 63.5"1.48C. After separation of the removal activities by carboxymethyl-cellulose column chromatogra-
phy, the removal activity deactivated at higher temperature was attributed to the activity by hemoglobin. From Lineweaver-
Burk plot analysis of the removal rates by hemoglobin at 378C, the Michaelis constant for hydrogen peroxide and the
maximum velocity were 201"53 mM and 5.37"1.39 mmolrs per g of Hb, respectively. Removal rates by hemoglobin in
mouse hemolysates at 378C in 70 mM hydrogen peroxide were 1.32"0.12 mmolrs per g of Hb. Catalase activity krg
.Hb: rate constant related to the hemoglobin content in normal mouse hemolysates was 104"12 at 258C and 117"10 at
378C, and that in acatalasemic hemolysates was 10.5"1.7 at 258C. These results indicate that activity of hydrogen peroxide
removal by hemoglobin is substantial and the activity in acatalasemic hemolysates is predominant at low concentration of
hydrogen peroxide. q 1997 Elsevier Science B.V.
Keywords: Hydrogen peroxide removal rate; Catalase; Hemoglobin; Mouse hemolysate; Takahara disease; Acatalasemic erythrocyte
1. Introduction
In 1946, Takahara found a girl who had no cata-
 .  .lase EC 1.11.1.6 activity in her blood acatalasemia
and reported that her progressive oral gangrene was
) Corresponding author. Fax: q81 86 2223778. E-mail: ma-
suokan@med.okayama-u.ac.jp
due to lack of catalase later called as Takahara
. w xdisease 1,2 . Takahara and collaborators suggested
that infection with hydrogen peroxide-generating bac-
teria to an acatalasemic person caused Takahara dis-
ease and that the severity of catalase deficiency in the
w xblood was an important factor causing the disease 3 .
Since thus far it is known that hydrogen peroxide
removal activities in hemolysates are due to catalase,
 .glutathione peroxidase EC 1.11.1.9 and hemoglobin,
0925-4439r97r$17.00 q 1997 Elsevier Science B.V. All rights reserved.
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we are interested in examining hydrogen peroxide
removal activities in acatalasemic hemolysates.
In order to study acatalasemia, Feinstein et al.
 b b.established acatalasemic mouse C3HrAnLCs Cs
as an animal model after extensive screenings for
w xhypocatalasemic mouse 4 . As catalase activity in the
liver, erythrocytes and other tissues of the mutant
mouse depends upon the temperature and incubation
period used for the determination, Aebi et al. reported
the unusually thermal lability of catalase in the liver
w xof mouse 5 . However, detailed studies about the
thermal stability of residual catalase activity in acata-
lasemic mouse erythrocytes have not been reported
yet owing to the lack of a sensitive catalase activity
determination method. Glutathione peroxidase is ac-
tive in the presence of glutathione, and Ogata et al.
indicated that the activity in acatalasemic mouse
hemolysates was the same level as that in normal
w xmice 6 . Concerning hydrogen peroxide removal by
hemoglobin, Keilin and Hartree suggested that met-
w xhemoglobin had a catalase-like activity 7 , and
Nicholls deduced that the reaction rates of oxyhemo-
globin with hydrogen peroxide was proportional to
w xamounts of hydrogen peroxide 8 . However, Ogata et
al. suggested that the removal activity by human
hemoglobin was quite low at less than 1.5 mM
w xhydrogen peroxide 9 .
In this paper, we examined hydrogen peroxide
removal rates by catalase and hemoglobin in normal
and acatalasemic mouse hemolysates using our sensi-
w xtive method of hydrogen peroxide determination 10
and we characterized the property of hydrogen perox-
ide removal activities.
2. Materials and methods
2.1. Materials
 .meso-Tetrakis 1-methyl-4-pyridyl porphinatoiron
 .  .III complex FeTMPyPX was prepared inserting5
 .iron into meso-tetrakis 1-methyl-4-pyridyl porphyrin
 . w xpurchased from Dojindo Lab Kumamoto, Japan 11 .
 .Carboxymethyl-cellulose CM 52 was purchased
 .from Whatman Ltd. Maidstone, UK . Ferrous human
hemoglobin A purified was purchased from Sigma0
 .Chemical Co., St. Louis, MO, USA . Other chemi-
cals were of analytical grade and purchased from
 .Wako Pure Chemical Ind. Osaka, Japan .
 a a.Male normal mice C3HrAnLCs Cs and acata-
 b b.lasemia mice C3HrAnLCs Cs were fed on Orien-
 .tal MF diet Oriental Yeast Co., Tokyo, Japan and
tap water ad libitum. Mouse bloods were taken from
heart with heparin as an anticoagulant. Red blood
cells were separated at 850=g for 5 min and washed
three times with phosphate buffered saline PBS: 140
mM NaCl and 10 mM potassium-phosphate buffer at
.pH 7.2 containing 5.5 mM glucose. The erythrocytes
suspension in PBS containing 5.5 mM glucose was
kept at 0–48C and used within 48 h for experiments.
2.2. Measurement of hydrogen peroxide remo˝al rates
in mouse hemolysates at ˝arious temperatures
Rates of hydrogen peroxide removal in hemolysates
were measured according to previously reported
w xmethods 10 . Hemolysates were prepared by adding
more than 9 vol of water to erythrocytes suspension
 .2% and used immediately.
 .A mixture final volume was 10.0 ml of 0.2 ml of
3.5 mM hydrogen peroxide and 8.8–9.6 ml of PBS
 .was heated at a definite temperature 20–608C . To
the mixture, 0.2–1.0 ml of freshly prepared
hemolysate was added. After 0, 0.5 and 1 min, 2.0 ml
of incubation mixture was taken out and added to 2.0
ml of the reagent solution, which consisted of 10 vol
of 0.2 mM aqueous FeTMPyPX solution ab-5
.sorbance at 400 nms1.5 , 10 vol of 41.2 mM
N, N-dimethylaniline in 0.2 M HCl, 10 vol of 8.56
mM 3-methyl-2-benzothiazolinone hydrazone hydro-
chloride in 0.2 M HCl and 1 volume of 20 mM
disodium EDTA. The mixture was kept at 258C for 1
h, and then the absorbance at 590 nm was measured.
Rates of hydrogen peroxide removal in the
hemolysates were also measured in the presence of 1
mM sodium azide to identify catalase activity.
The content of hemoglobin in sample was deter-
mined according to the method of Drabkin and Austin
w x12 .
2.3. Thermal stability of hydrogen peroxide remo˝al
acti˝ities in mouse hemolysates
Freshly prepared hemolysates were heated at a
 .definite temperature 20–708C for 10 min and then
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cooled in an ice-bath. Rates of hydrogen peroxide
removal in the hemolysates were measured at 258C as
described above.
To compare thermal property of removal reaction
in hemolysates with that in liver homogenates, liver
homogenates of acatalasemic mouse were prepared
w xaccording to the method of Aebi et al. 5 , and the
thermal stability was examined as described above.
2.4. Separation of hydrogen peroxide remo˝al
acti˝ities in mouse hemolysates by
carboxymethyl-cellulose column chromatography
 .Hemolysate 2.5 ml prepared from 0.5 ml of
acatalasemic mouse blood was centrifuged at 3500=
 .g for 20 min. The supernatant 2.0 ml was applied to
 .carboxymethyl-cellulose column 1.5=12 cm equi-
librated with 5 mM potassium phosphate buffer pH
.6.8 and eluted with 50 ml of 5 mM potassium
phosphate buffer and then 50 ml of 1 M potassium
 .phosphate buffer pH 6.8 . Each 5 ml of the eluate
was collected, and rates of hydrogen peroxide re-
moval in the eluates were measured at 258C in 70
mM hydrogen peroxide. To detect glutathione peroxi-
dase activity, the removal rates were measured in the
presence of 1 mM glutathione and 1 mM sodium
azide.
2.5. Preparation of mouse methemoglobin
Methemoglobin was prepared by reaction of mouse
hemoglobin with 5-fold excess of potassium ferri-
w xcyanide according to the method of Lynch et al. 13 ,
and purified by Sephadex G-25 column fine, 1.5=20
.cm chromatography.
2.6. Preparation of human hemoglobin A0
 .Ferrous human hemoglobin A 50 mg was dis-0
solved with 4.5 ml of 1 M potassium phosphate
 .buffer pH 6.8 , and the solution was applied to
 .Sephadex G-25 column fine, 1.5=25 cm . Hemo-
globinA was eluted with 1 M potassium phosphate0
 .buffer pH 6.8 and used immediately for experi-
ments.
3. Results
3.1. Measurement of hydrogen peroxide remo˝al
reaction in mouse hemolysates
Rates of hydrogen peroxide removal in hemolysates
were calculated from the data obtained between 0 and
1 min since the rates were dependent on the incuba-
tion period used for the determination. The average
removal rates in hemolysates at 25 and 378C were
indicated in Table 1.
Removal rates in acatalasemic and normal
hemolysates at various temperatures were shown in
Fig. 1. Some removal activity in hemolysates re-
mained after addition of sodium azide, and level of
the removal activity in acatalasemic hemolysates was
similar to that in normal hemolysates.
3.2. Thermal stability of hydrogen peroxide remo˝al
acti˝ities in mouse hemolysates
Hydrogen peroxide removal rates in acatalasemic
and normal hemolysates treated at various tempera-
tures for 10 min were shown in Fig. 2. Thermal
inactivation of the removal reaction progressed in
two steps. The 50% inactivation at each step in
normal hemolysates was observed at 47.2"0.5 and
63.0"0.58C, and that in acatalasemic hemolysates
was at 34.0"0.8 and 64.0"1.58C. To estimate rates
of removal activity deactivated at higher temperature
in hemolysates, removal rates in both hemolysates
treated at 508C for 10 min were measured in 70 mM
Table 1
Hydrogen peroxide removal rates in hemolysates
Mouse Temperature Rates of hydrogen
a,b .hemolysates 8C peroxide removal
 mmolrs per g of
c.  .Hb n
 .Normal 25 7.79"0.90 5
 .37 9.37"0.97 5
 .Acatalasemic 25 1.05"0.25 10
 .37 1.58"0.31 8
a Rates of hydrogen peroxide removal were measured in 70 mM
hydrogen peroxide at indicated temperature. Details are described
in Section 2.
b Values are expressed as mean"S.D.
c
n in parentheses indicates number of mice.
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Fig. 1. Hydrogen peroxide removal rates in normal and acata-
lasemic mouse hemolysates at various temperatures. To 70 mM
hydrogen peroxide in PBS, freshly prepared hemolysate was
added and incubated at indicated temperatures. After 0, 0.5 and 1
min, hydrogen peroxide in the incubation mixture was deter-
 .mined, and the removal rates were calculated. a Acatalasemic
 .hemolysate, b normal hemolysate. Details are described in
Section 2: fl , rates of hydrogen peroxide removal in hemolysates;
‘ the rates in the presence of 1 mM sodium azide. Vertical lines
indicate standard deviations of three determinations.
hydrogen peroxide, and the removal rates at 25 and
 .378C were 0.329"0.148 ns8 and 1.32"0.12
 .mmolrs per g of Hb ns10 , respectively.
On the other hand, thermal inactivation of removal
reaction in acatalasemic liver homogenates pro-
gressed in one step, and the 50% inactivation was
observed at 37.1"1.18C for 10 min incubation.
Fig. 2. Thermal stability of hydrogen peroxide removal activities
in normal and acatalasemic mouse hemolysates. Freshly prepared
hemolysates were heated at indicated temperatures for 10 min
and cooled in an ice bath. Rates of hydrogen peroxide removal in
the hemolysates were measured at 258C in 70 mM hydrogen
 .  .peroxide. a Acatalasemic mouse hemolysates, b normal mouse
hemolysates. Vertical lines indicate standard deviations of 3 or
more than three experiments.
Fig. 3. Separation of hydrogen peroxide removal activities in
acatalasemic mouse hemolysate. Acatalasemic hemolysate was
 .applied to carboxymethyl-cellulose column 1.5=12 cm equili-
 .brated with 5 mM potassium phosphate buffer pH6.8 , and
activities of hydrogen peroxide removal were eluted with 50 ml
of 5 mM the phosphate buffer and then 1M potassium phosphate
 .buffer pH6.8 . Each 5 ml of the eluate was collected. Details are
described in Section 2: fl fl , hydrogen peroxide re-
moval activities measured at 258C in 70 mM hydrogen peroxide;
fl . . . fl , the removal activities in the presence of sodium azide;
‘- - -‘, hemoglobin contents.
3.3. Separation of hydrogen peroxide remo˝al
acti˝ities in mouse hemolysates by
carboxymethyl-cellulose column chromatography
Removal activities in acatalasemic hemolysates
were separated by using a carboxymethyl-cellulose
column. The chromatogram is shown in Fig. 3. The
activities of hydrogen peroxide removal were eluted
in 25–40 and 60–80 ml. Removal activity in the
pooled eluates of 25–40 ml was 48.1"14.9% of
hydrogen peroxide removal activity in acatalasemic
hemolysates at 258C and was inhibited completely in
the presence of 1 mM sodium azide. From measure-
ment of removal rates in the eluates at various tem-
peratures, optimal temperature of the activity was
258C.
Glutathione peroxidase activity was observed in
 .eluate of 5–20 ml data not shown .
3.4. Reaction of hydrogen peroxide remo˝al in eluate
of 60–80 ml
Removal rates in red color eluates between 60 and
80 ml were proportional to the contents of
hemoglobin. The eluates pooled between 60 and 80
ml showed 34.5"2.8% of hydrogen peroxide re-
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Fig. 4. Rates of hydrogen peroxide removal by hemoglobins at
various temperatures. Rates of hydrogen peroxide removal were
measured in 70 mM hydrogen peroxide at indicated temperatures.
Details are described in Section 2:‘, hydrogen peroxide removal
rates in eluates containing mouse hemoglobin from car-
boxymethyl-cellulose column; fl , the removal rates by human
hemoglobin A . Vertical lines indicate standard deviations of 30
or more than three determinations.
moval activity in acatalasemic hemolysates at 258C
and 87.6"6.9% of hemoglobin in the hemolysates.
Removal rates in the pooled eluates of 60–80 ml at
various temperatures were shown in Fig. 4. Optimal
temperature of the removal reaction was 508C, and
the 50% inactivation was observed after 10 min
incubation at 63.0"1.08C. Rates of the removal
reaction in 70 mM hydrogen peroxide were not inhib-
 .ited 98.6"2.5% of the intact rates was observed in
the presence of 1 mM sodium azide and were not
 .affected 97.1"4.0% in the presence of 1 mM
glutathione.
From Lineweaver-Burk plots analysis of the re-
moval rates at 378C in 17.5–280 mM hydrogen per-
 .oxide, Michaelis constant K of the removal reac-m
tion for hydrogen peroxide was 201"53 mM, and
 .the maximum velocity V was 5.37 " 1.39max
mmolrs per g of Hb.
3.5. Hydrogen peroxide remo˝al by mouse
methemoglobin
The activity of hydrogen peroxide removal at 378C
in 70 mM hydrogen peroxide was 1.37 "0.04
mmolrs per g of Hb. From Lineweaver-Burk plots
analysis of hydrogen peroxide removal rates by met-
hemoglobin at 378C in 17.5–140 mM hydrogen per-
oxide, K of the removal reaction for hydrogenm
peroxide was 36.5"2.0 mM and the V was 2.02max
"0.04 mmolrs per g of Hb. From hydrogen perox-
ide removal rates by methemoglobin examined at 37
in the presence of 0.1–1 mM sodium azide, the
removal reaction was competitively inhibited by addi-
 .tion of sodium azide, and the inhibition constant K i
was 0.205"0.060 mM.
3.6. Hydrogen peroxide remo˝al by human
hemoglobin A0
The activity of hydrogen peroxide removal at 378C
in 70 mM hydrogen peroxide was 0.655"0.060
mmolrs per g of Hb, and the rates of hydrogen
peroxide removal in 70 M hydrogen peroxide at
various temperatures were indicated in Fig. 4. Opti-
mal temperature of the removal reaction was 508C,
and the 50% inactivation was observed after 10 min
incubation at 64.3"1.28C. The removal activity was
not affected in the presence of 1 mM sodium azide.
From Lineweaver-Burk plots analysis of hydrogen
peroxide removal rates by human hemoglobin at 378C
in 17.5–140 mM hydrogen peroxide, K of them
removal reaction for hydrogen peroxide was 153"14
mM and the V was 2.16"0.16 mmolrs per g ofmax
Hb.
4. Discussions
To examine optimal temperature of catalase in
normal and acatalasemic hemolysates, the rates of
hydrogen peroxide removal were determined at vari-
 .ous temperatures. Fig. 1 Apparent optimal tempera-
tures of the removal reaction in acatalasemic and
normal hemolysates were 35 and 408C, respectively.
However, the profile of the removal rates in acata-
lasemic hemolysates was clearly different from that
by an enzyme activity, catalase, and some removal
activity in both hemolysates remained after addition
of sodium azide, which was an inhibitor of catalase,
suggesting that hydrogen peroxide removal reaction
in the hemolysates was divided into two activities: an
activity by catalase, which was deactivated at lower
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temperature, and another removal activity, which re-
mained after addition of sodium azide and was deac-
tivated at higher temperature.
In order to characterize thermal stability of these
activities, normal and acatalasemic hemolysates were
heated at definite temperatures for 10 min, and then
removal rates in the hemolysates were measured at
 .258C Fig. 2 . Thermal inactivation of the reaction in
both hemolysates progressed in two steps. Removal
activities deactivated at lower temperatures in both
hemolysates were lost by addition of sodium azide,
indicating that these activities were attributed to cata-
lase, and temperatures of the 50% inactivation indi-
cated that catalase in acatalasemic hemolysates was
more labile than that in normal ones as catalase in
w xliver homogenates reported by Aebi et al. 5 . On the
other hand, the removal activity deactivated at higher
temperature in both hemolysates was on the same
level and deactivated at the same temperature. How-
ever, the removal activity was not observed in mouse
liver homogenates.
To characterize the removal activity deactivated at
higher temperature, removal activities in acatalasemic
hemolysates were separated by carboxymethyl-cel-
 .lulose column chromatography Fig. 3 . The removal
activities were observed in 25–40 and 60–80 ml of
the eluate. From measurement of the hydrogen perox-
ide removal rates in the presence of sodium azide, the
removal activity in the eluates of 25–40 ml was
catalase. Removal rates in eluates of 60–80 ml were
proportional to the contents of hemoglobin and were
not inhibited in the presence of 1 mM sodium azide.
The profile of hydrogen peroxide removal rates in the
 .eluates at various temperatures Fig. 4 was similar to
that in hemolysates treated at 508C for 10 min data
.not shown or in the presence of sodium azide, and
temperature of the 50% inactivation for 10 min incu-
bation was the same as that deactivated at higher
temperature in hemolysates. These findings indicated
that hydrogen peroxide removal activity in the eluates
of 60–80 ml corresponded to that deactivated at
higher temperature in hemolysates and was substan-
tial at 378C. It was also strongly suggested that the
removal activity in the eluates of 60–80 ml was due
to that by hemoglobin though Ogata et al. suggested
that the removal activity by human hemoglobin was
w xquite low at less than 1.5 mM hydrogen peroxide 9 .
The removal activity in the eluates of 60–80 ml
followed Michaelis-Menten equation, and the kinetic
parameters were K s201"53 mM and 5.37"1.39m
mmolrs per g of Hb, suggesting that the property of
removal activity in the eluates of 60–80 ml was
different from that anticipated as removal rates by
hemoglobin were proportional to amounts of hydro-
y1 y1 w xgen peroxide with a rate constant of 20 M s 8 .
To examine hydrogen peroxide removal activity by
hemoglobin, pure human hemoglobin A was reacted0
with hydrogen peroxide. The removal activity by
hemoglobin at 37 in 70 mM hydrogen peroxide was
0.655 0.060 mmolrs per g of Hb, and the activity
followed Michaelis-Menten equation, indicating that
the removal activity by human hemoglobin was simi-
lar to the activity in the eluates of 60–80 ml. Thermal
 .stability optimal and 50% inactivation temperatures
 .and chemical property addition of sodium azide of
the removal activity by human hemoglobin were also
similar to those in the eluates of 60–80 ml. From
these results, we deduced that the removal activity in
the eluates of 60–80 ml was due to that by
hemoglobin. Low activity of hydrogen peroxide re-
moval by human hemoglobin A might be explained0
as a difference between human and mouse
hemoglobins. Further studies are currently in progress.
To study whether methemoglobin served to re-
move hydrogen peroxide in the removal reaction by
hemoglobin, removal reaction by methemoglobin was
examined. Though the removal rates by methemo-
globin in 70 mM hydrogen peroxide were almost
same level with those by hemoglobin, kinetic parame-
ters K s36.5"2.0 mM and V s2.02"0.04m max
.mmolrs per g of Hb obtained from the reaction by
methemoglobin were different from those obtained
from the reaction by hemoglobin. Removal reaction
by methemoglobin was competitively inhibited in the
presence of sodium azide, but the reaction by
hemoglobin was not. These findings indicated that
removal activity by hemoglobin in hemolysates was
different from removal reaction by methemoglobin.
From the present study, it was deduced that cata-
lase activity in hemolysates should be calculated as a
difference in hydrogen peroxide removal rates be-
tween hemolysates and hemoglobin and that catalase
activity in acatalasemic hemolysates should be mea-
sured at 258C because of the optimal temperature.
Therefore, catalase activity krg Hb: rate constant
.related to the hemoglobin content in normal
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hemolysates was 104"12 at 258C and 117"10 at
378C, and that in acatalasemic ones was 10.5"1.7 at
258C. Ratio of catalase activity in acatalasemic
hemolysates to that in normal ones by the present
method was 0.090, which was higher than that mea-
sured at 208C for 5 min incubation by the perborate
w xmethod 6 . Low ratio by the perborate method might
be due to longer incubation time with relatively high
 .concentration of sodium perborate 1.5% as a sub-
strate.
 .From removal rates in hemolysates Table 1 and
by hemoglobin in hemolysates, it is deduced that
hydrogen peroxide removal activity by hemoglobin in
acatalasemic hemolysates is predominant at low con-
centration of hydrogen peroxide, implying that
hemoglobin in acatalasemic erythrocytes potentially
can remove extracellular hydrogen peroxide produced
by bacteria. This speculation suggests that hemoglobin
in blood is a possible factor for preventing Takahara
disease since peroxide-generating bacteria could cause
the disease to acatalasemic persons and severity of
catalase deficiency in their blood was an important
w xfactor to cause the disease 1–3 .
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